To compare the effectiveness of treating malnourished children in different centers, the authors believe there is a need to have a simple method of adjusting mortality rates so that differences in the nutritional status of the children are taken into account. The authors compared different anthropometric indices based on weight and height to predict the risk of death among severely malnourished children. Anthropometric data from 1,047 children who survived were compared with those of 147 children who died during treatment in therapeutic feeding centers set up in African countries in 1993. The optimal ratio of weight to height determined by logistic regression was weight (kg)/height (m)1.74 (95% confidence interval of p estimate 1.65-1 -84). The receiver operating curves (sensitivity vs. specificity) showed that the body mass index (weight (kg)/height (m)' ), optimal ratio of weight to height, and weighvheight index expressed as the percentage of the median of the National Center for Health Statistics' standard were equivalent and superior to the weighvheight index expressed as the z score of the National Center for Health Statistics' standard to predict death. As the optimal ratio of weight to height is easier to calculate than the weighvheight index expressed as the percentage of the median or z score and does not depend upon either standards or tables, the optimal ratio of weight to height could be conveniently used to adjust mortality rates for nutritional status in therapeutic feeding centers. Am J Epidemiol 1996;144:116-23.
1.65-1 -84). The receiver operating curves (sensitivity vs. specificity) showed that the body mass index (weight (kg)/height (m)' ), optimal ratio of weight to height, and weighvheight index expressed as the percentage of the median of the National Center for Health Statistics' standard were equivalent and superior to the weighvheight index expressed as the z score of the National Center for Health Statistics' standard to predict death. As the optimal ratio of weight to height is easier to calculate than the weighvheight index expressed as the percentage of the median or z score and does not depend upon either standards or tables, the optimal ratio of weight to height could be conveniently used to adjust mortality rates for nutritional status in therapeutic feeding centers. Am J Epidemiol 1996;144:116-23.
anthropometry; child nutrition disorders; mortality; risk; statistics Mortality among children treated for severe malnutrition varies considerably among different centers (1, 2) in both emergency and nonemergency settings. Variations in mortality rates can be ascribed to inherent differences in the children or differences in management. Mortality is related to the degree of malnutrition on admission (3, 4) and also to other risk factors such as the presence of dehydration (5, 6) , electrolyte disturbance (3, 4) , hepatic dysfunction (7) , presence of specific nutritional deficiencies (8, 9) , and presence and severity of associated infections (10). Differences in therapeutic feeding practices may also influence the mortality rate (11, 12) . In most therapeutic feeding centers that treat severe malnutrition, it is not possible to assess electrolyte imbalance, hepatic dysfunction, or specific nutrient deficiency; the criteria for admission are therefore, of necessity, related to anthropometric criteria and simple clinical signs, such as the presence or absence of edema.
Since age is difficult to assess in developing countries, anthropometric indices based on weight and height are usually used to assess nutritional status and detect underweight subjects (13) . Weightheight indices are expressed as the percentage of the median (WHP), centile, or z score (WHZ), which is the deviation from the median of the National Center for Health Statistics' standard (14), expressed in multiples of the standard deviation. Centile tables are inappropriate for severely malnourished children, as the values are outside the range of the tables. The World Health Organization recommends the use of the z score, because these scores are consistent among different age groups and because the indices are directly comparable (15).
However, the calculation of WHP or WHZ in a large number of children is cumbersome, since it requires the use of tables with anthropometric standards fol-lowed by calculation. This process may be made less time consuming by the use of a computer. Yet, computers are not usually available. Moreover, computer software programs to calculate anthropometric indices were written to analyze nutritional surveys, and their use requires some computer expertise, rarely available in the field. The derivation of a simple anthropometric index that is closely related to prognosis and easily calculated in the field, with a pocket calculator, would allow more meaningful comparison among centers when mortality rates are adjusted according to the nutritional status of the children on admission. It would also be useful when making management decisions on individual children.
In this study, we have related the mortality rate in nine different centers to the standard World Health Organization criteria and also to simple ratios of weight to powers of height, in particular, to body mass index (weight (kg)/height (m)2) to determine how they relate to the risk of death. We examined whether these simple ratios of weight to powers of height could be used to adjust the observed mortality rates for differences in the anthropometric state of groups of children admitted to different centers.
MATERIALS AND METHODS Patients
The study was carried out in nine therapeutic feeding centers set up by nongovernmental organizations for the treatment of severely malnourished children during emergency relief operations in 1993. The centers were in Sierra Leone (one center), Rwanda (three centers), and Madagascar (five centers). In Rwanda and Sierra Leone, children were from a displaced population fleeing civil unrest. In Madagascar, they were from a famine-prone area.
The admission criteria used in all the centers were 1) the weightheight index of <70 percent of the median, 2) the presence of edema in both feet, or 3) a midupper arm circumference of <110 mm. The centers were set up in makeshift facilities and provided treatment for severely malnourished children as recommended in emergency relief operations (16) . This treatment was based on feeding a diet based on a mixture of dried skim milk, oil, and sugar. Medical treatment was given when necessary. Children were considered cured 2 weeks after they reached a weight/ height index of >SO percent of the median and achieved dissipation of edema.
Data on weight, height, and edema were recorded for all children on the day of admission. Weight was measured to the nearest 100 g. Recumbent length (for children below 85 cm) or standing height (for those Am J Epidemia1 Vol. 144, No. 2, 1996 above 85 cm) was measured to the nearest millimeter. Edema was assessed by applying pressure for 3 seconds to both feet. Age was obtained from mothers' interviews. Anthropometric data, taken during routine measurement, were recorded from patients' charts. WHZ and WHP were calculated using a nutritional anthropometry program (17) .
Analysis of children lost to follow-up
The group of children whose outcome was unknown because of early discharge from the centers was compared at admission with the others. Comparison of the proportion of children with edema was performed with the chi-square test, and comparison of anthropometric characteristics was performed with the Mann-Whitney nonparametric test (18) .
Optimal power of height in the determination of the weighvheight ratio for assessing death risk
To determine the optimal power of height to use in the ratio of weight to height (ORWH) for assessing the risk of death, a logistic regression (19) was carried out. Logarithms of weight and height were entered into the model as independent variables, with death as the dependent variable. To take into account the possible differences in the mortality rate among centers caused by variations of either child characteristics, other than weight or height, or differences in management, we introduced eight dummy variables (one if the child was present in the corresponding center, zero otherwise) in the logistic model as independent variables. Coefficients of the logarithms of weight and height in each logistic regression were used to estimate the mean and 95 percent confidence interval of the ORWH (see the Appendix) (20) . This model was first fitted separately for children with and without edema. Second, a unique logistic model was fitted to the whole sample using the same independent variables plus an additional dummy variable for the presence of edema (one if yes, zero otherwise). The fit of this unique model was compared through the likelihood ratio test (21) with the fit of a global model with logarithms of weight and height, center, and edema as independent variables but assuming different coefficients for the logarithms of weight and height and for the center in the presence of edema or not. (This corresponds to a logistic model with the independent variables 'cited above and the interactions between those variables and edema.) The likelihood of this global model is strictly the product of the likelihoods of the two logistic models that were fitted separately to the data of children with, and to the data of those without, edema. Finally, a possible correction of the * i mortality prediction was tested by means of the likelihood ratio test, with age group (6-12, 13-24, 25-36, 37-59 months of age) and dependence of the coefficients of the logarithms of weight and height and of edema to the center and age group by using the corresponding interaction terms in the logistic model.
Comparison of groups
Age and the usual anthropometric indices were compared between children who survived and children who died by analyses of variance after adjustment for center, separately for children with and without edema (22) . The same analyses were performed on anthropometric indices calculated as the ratio of weight to powers of height. Normality of the distribution of each index was assessed within this experimental design by the Shapiro-Wilk criterion (23) . Logarithmic transformation of each index was necessary to guarantee the gaussian distribution. The logarithmic transformation of WHZ was performed on WHZ + 9, which provides the best fit for the gaussian distribution.
Construction and comparison of receiver operating curves
By using a logistic regression model with an anthropometric index (logarithm of body mass index, ORWH, WHP, and WHZ + 9) as independent variable and center indicator for children with or without edema, we calculated the sensitivity and specificity of each anthropometric index for different cut-off points (24) . For this purpose, children were put into either a high risk or a low risk category, depending on their nutritional status relative to an arbitrarily chosen cutoff point, and the number of children who died or who survived during treatment in each category was determined. The ability of anthropometric indices, including ORWH, to differentiate between children who died and those who survived was assessed by plotting receiver operating curves (sensitivity vs. 1 -specificity) (25) . These curves are drawn for each index by systematically varying the value of the cut-off point. The distance between the receiver operating curve and the diagonal is a measure of the discriminating ability of an indicator.
The receiver operating curve obtained for each index was characterized by its index of detectability (da), which corresponds to the mean difference between index means of the dead and surviving samples, taking into account the variability of the indices within each sample (26). Since the distributions of the indices after logarithmic transformation are gaussian in the dead and surviving populations, and if the receiver operating curves are parallel when expressed on gaussian probability scales, the comparison of the index of detectability can be pelformed by the z-da statistic (26), which follows approximately the distribution of a standardized gaussian deviate. This statistic takes into account the correlation of different indices measured on the same children.
Calculation and logistic regressions were performed with Biomedical Data Processing (27) , Statistical Product for Service Solution (28) , and Statistical Analysis System (29) software programs.
RESULTS
Altogether, data on 1,441 children aged 6-59 months were available. Among these children, 1,047 were discharged from the centers after recovery and 147 died.
The outcome was unknown for 247 children who left the centers before complete recovery and were considered as defaulters. These children were excluded from the analysis. The group of children lost during treatment was not different from the group of children followed up to discharge or death for age, with a mean of 30 months (standard deviation, 17 months) versus a mean of 30 months (standard deviation, 16 months), or presence of edema, with a mean of 38 percent versus a mean of 32 percent. However, the mean WHZ and WHP were lower in defaulter children than in the others: for WHZ, a mean of -2. Mortality rates, as well as the proportion of children with edema, and the means for age, WHZ, and WHP varied among the different centers (table 1) .
The ORWH to predict death, taking into account the differences among centers regarding efficacy, is presented in table 2 for children with edema and for those without edema. The common estimate (ORWHc) was 1.74 (95 percent confidence interval 1.65-1.84). No difference could be demonstrated between the model with a common estimate and the model with separate estimates (chi-square = 10.228, 10 df, p > 0.6).
Edema itself was a significant risk factor for death (odd ratio = 3.8, 95 percent confidence interval 2.2-6.6). On the contrary, no effect of age group was observed ( p > 0.56), and no evidence of variation in the parameters of the common model with center or age group (interaction terms) could be demonstrated ( p > 0.18 and p > 0.43, respectively).
Comparison of the characteristic distributions between the group of children who died and those who survived is presented in significantly higher in children with edema than in children without edema. The mean values for WHZ, WHP, body mass index, and ORWHc were significantly lower in children who died than in children who survived for children both with and without edema. Receiver operating curves are plotted in figure 1 for ORWHc, body mass index, WHP, and WHZ separately in children with edema and in children without edema. There was a different pattern for each anthropometric index for high specificity values (more than 80 percent) between children with and those without edema. The deviation from the gaussian distribution of each nontransformed anthropometric index between dead and surviving children after adjustment for center was significant for each variable ( p < 0.0001). After logarithmic transformation, there were no significant differences ( p > O S ) , allowing us to compare receiver operating curves. Moreover, the receiver operating curves, when expressed on gaussian probability scales, were almost perfectly parallel (figure 2). Table 4 shows the da differences and the z-da statistical significance of the comparison between the different anthropometric indices in children with and without edema. There was no significant difference between indicators when applied to children with edema. For Am J Epidemiol Vol. 144, No. 2, 1996 children without edema, ORWHc, body mass index, and WHP were not significantly different from each other, but they were each better than WHZ to differentiate between children who died and children who survived.
DISCUSSION
This study was carried out to explore whether simple combinations of weight and height are efficiently related to prognosis and thus could be used to adjust the risk of death among children attending therapeutic feeding centers.
Among the data recorded, 247 children were not included in the study because of uncertainty about outcome. Sudden departures are common in feeding centers and difficult to avoid. The mean WHZ and WHP values, on admission, were lower for children who left than for the remainder. It is thus possible that the mothers 'of children who left became discouraged because of failure to improve rapidly. This may have led to underestimation of the proportion of children who died in our study. This selection bias is unlikely to, change our estimate of ORWHc substantially because, to modify the estimate, the relation between weight and height to the risk of death would have to be dramatically different for children who left and those who remained and were included. Among the indices studied, the ability of ORWHc to predict mortality could not, by construction, be increased by taking height into account. Moreover, the Am J Epidemiol Vol. 144, No. 2, 1996 power of height used to calculate the ORWHc appears to be independent of edema, center, and age group, since no interaction between ORWHc and edema, center, or age group was found.
The weightheight index expressed as the percentage of the median was superior to the weightheight index expressed as the z score, for assessing the risk of death, among the whole sample and nonedematous malnourished children. This finding agrees with that from a recent study from India, in which no difference was found between the weightheight index expressed as the percentage of the median or z score in assessing the risk of death among children hospitalized for diarrhea (30) . The percentage of the median is most commonly used in the field, because the z score is not easy to calculate and because its underlying concept, leading to large negative scores for the severely malnourished children, is difficult to grasp for health workers with little statistical knowledge. There seems to be no compelling reason to recommend the use of z scores to assess mortality risk in feeding centers.
The body mass index (or indices of weight corrected for height) is generally accepted for assessment of obesity in adults (31) (32) (33) and is even advocated for children (34) . The relation between mortality and high body mass index in adults is well established (35, 36) . The body mass index also seems to be valuable to detect undernourished adults (37) and is closely related to their risk of death (38) . However, the body mass index has not been recommended for identifying or classification of undernourished children; this is largely because of its variability with age (39) . Indeed, we observed that prediction of mortality through the body mass index should be corrected by age group, a result not evidenced for the other tested. indicators. Yet, to our knowledge, the value of the body mass index, in relation to other indices, for assessing the risk of death in malnourished children has not been examined.
Both the ORWHc and body mass index, without any correction for age, were as good as, or better than, the weightheight index for predicting death among severely malnourished children.
Anthropometric indices seem to have a better predictive value for mortality among children without edema than for those with edema. This is not surprising as metabolic abnormalities such as hepatic dysfunction (7) , immunoincompetence, and electrolyte disturbance (3, 4) are more common in edematous children. Furthermore, the weight recorded on admission includes the weight of edema fluid; thus, edematous children are likely to have the severity of their tissue wasting underestimated to an extent that is itself dependent upon the degree of edema and hence to be highly variable.
The superior ability of the ORWHc to predict death favors its use over the weightheight index to categorize severely malnourished children, especially as the calculation of the ORWHc with a pocket calculator is easier than the calculation of the weightheight index. If a computer is available, the ORWHc can be quickly estimated for many patients by entering their weight and height on widely available spreadsheets without programming knowledge or specialized software. If no pocket calculators able to handle a 1.74 power of a number are available, the body mass index can be used.
The comparison of mortality rates for different therapeutic feeding centers or with different treatment regimens is likely to be much more meaningful where the relative rates are adjusted for the nutritional status of the children: adjustment for the ORWHc or body mass index and edema would be more appropriate than adjustment using the weightheight index.
APPENDIX
Determination of the optimal power of height in the ratio of weight to height to a s s e s s the risk of death A usual model to relate fatality rate to exogenous variables is the logistic regression model. In the case of a set of two predictor variables xl, x,, the risk of death P(xl, x,) is related to these predictors by the relation: P(X1, x2) = (1 + exp[-(a + ß l 4 + ß2x2)11-1, which is equivalent to a linear relation between the logarithm of the odds of the probability of death with the two covariates:
Log[P/( 1 -P)] = a + P I X * + p2x2.
If x1 = log weight and x, = log height, the model becomes Log[P/(l -P)] = a! + PI log weight + ß2 log height.
(1)
It means that children with the same value of ßl log weight + ß 2 log height have the same estimated risk of death.
The maximum likelihood technique allows us to derive estimates for coefficients PI and p2 (mean = -p2/ß1 is the power of height in the optimal ratio of weight to height (ORWHc) to estimate the risk of death among malnourished children treated in a feeding center. The risk of death would be the same for any child with the same value of weightheight".
The confidence interval of the u estimate can be estimated with a method described by Finney (20) . Let b, and sb, be the mean and standard error of the ßl estimate, b2 and sb, the mean and standard error of the ß2 estimate, and rb,b2 the correlation of these two estimates. The mean of the u estimate is -b,/bl. with Sblbl = rblb2SblSbl.
Ninety-five percent confidence interval limits of the a estimate are approximately -b,/bl 2 tddl, 95% se, . , . , where ddl is the number of degrees of freedom of the logistic model.
